ABSTRACT (Continue on reverse if necessary and identify by block number)
-'Off-axis tension tests were performed for coupon specimens of unidirectional graphite/ epoxy composites at various temperatures. Elastic moduli and principal strengths of the composite were obtained by a simple procedure.
To avoid the complication caused by the extension-shear coupling effect in off-axis testing, a new tab was designed and used on the test specimens.
Excellent results for tensile modulus, tensile strength, shear modulus, shear strength, and Poisson's ratio were obtained. 
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'I-. ' Rigid glass/epoxy tabs were used in testing 0' and 900 coupon specimens where extension shear coupling is absent; both the rigid tabs and the newly designed flexible * tabs were used in testing 150 and 450 coupon specimens where extension shear coupling exists. The shear properties using these two kinds of tabs were compared.
LIST OF TABLES
New Tab Among these methods, the off-axis coupon test seems ideal because of its easy specimen fabrication, very simple data reduction, and no special equipment requirement.
In order to extract material constants from an off-axis test, it is assumed that a uniform state of both stress and strain exists throughout the test section. One problem with offaxis tests of unidirectional composites is the extension-shear coupling resulting from the anisotropy of the material, since shear deformation is constrained in the conventional simple tension test. This restriction of shear deformation causes high stress concentrations and nonuniformities throughout the stress field in off-axis testing [4,51.
*
To solve the problem, the load must be applied in a way which allows shear defor- 
Tab Fabrication Procedure
Twelve inch square panels were fabricated using siliconerubber and fiberglas cloth.
A layer of release ply was laid on a tool plate. The fiberglas was then cut and laid over the release ply. Four ounces of siliconerubber were then mixed and spread evenly over Therefore, it is evident that more exact shear properties can be obtained by using flexible tabs than by using conventional rigid tabs in off-axis tests.
Test Procedures
Uniaxial tension tests were performed using the closed-loop-servo hydraulic MTS 810 machine at 75'F, 250 0 F, 350 0 F, and 500°F. The testing system is shown in Fig. 3 .
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The specimen was heated between two resistive heating plates.
The specimen was gripped in MTS 647 hydraulic wedge grips. The grip pressure was set at 1200 psi for the rigid tab specimen and at 600 psi for the flexible tab specimen to avoid crushing the specimen by the gripping force. The gripping test showed that the 150 coupon specimens were crushed at 800 psi grip pressure.
All tests were performed at a constant cross-head speed of 0.003 inch/min. Longitudinal and transverse strains were measured by a dual sensor strain transducer (Measurement Technology, Inc.). The measured analog signals were convened into digital signals. The signals were stored and analyzed by a micro-computer data system to plot the stress-strain curves.
High Temperature Testing Equipment
Two heating plates were made (4.0 inches) to permit the specimen to be gripped outside the heating region. The schematic for the structure of the heating plate is shown in Fig. 4 . The 12 Q resistive heating wire was wound around an asbestos core. This heating element was insulated with a flexible asbestos sheet and was assembled with two steel plates at each side. The specimen was heated between the two-faced inner steel plates. Two heating elemer ts were connected in serial to a power supply. The temperature was controlled by using a voltage controller with a reference temperature measured at a center hole of the inner heat plate.
The temperature gradients of the heating plate were within ± 5% over 90% of the heater length, and the maximum heating temperature was about 800 0 F.
Data Evaluation
From the stress-strain curves of 00 and 900 specimens the longitudinal and the transverse properties can be simply obtained. But, to get the shear modulus and strength
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from an off-axis specimen, some analytical procedures are needed.
* Shear Modulus
The apparent elastic modulus E x for an orthotropic material stressed at an angle 0 to the principal material direction can be related as where a X is the stress in loading direction. The ultimate values of Y1, 022 and t 1 2 can be calculated from the apparent failure stress a. of the off-axis coupon specimen. Therefore, shear strength can be calculated from equation (4).
Results and Discussion
The apparent tensile moduli and strengths of 00, 900, 150, and 450 coupon specimens are summarized in Table 1 , and the evaluated elastic moduli and the strengths are presented in Table 2 and Table 3 Comparing the shear strengths obtained from the rigid tab specimen and the flexible tab specimen in Table 3 and Figs. 6-b and c, we note that shear strengths from the solid tab are 13-30% less than strength from the flexible tabs. As discussed before, it k evident that the lower strength of rigid tab specimens is from the stress concentration near end tabs. The room temperature shear strength of It ' V off-axis specimens using flexible tabs * was unattainable because flexible tabs cannot transmit enough load (2200-2500 lbs) to break the specimen.
Considering the difference of shear strengths from the test using rigid tabs and the a' * test using flexible tabs, we see that the off-axis test using the flexible fiberglasknit/silicon-rubber tab is more suitable for shear strength evaluation.
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